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Gamma-ray	Binaries
• Dozens	known	compared	with	
hundreds	of	X-ray	binaries
• Basic	characteristics
• Emission	>	1	MeV	dominates	its	
spectral	energy	distribution
• Variable	gamma-ray	emission,	
sometimes	modulated	at	orbital	
period
• Five	types	of	binaries	are	seen	in	
gamma-rays
• HM	companion	+	young	ms pulsar	(6+1)	
• Only	type	where	gamma-rays	dominate	
emission
• Microquasars (2)
• Novae	(5)
• Colliding	wind	binaries	(1)	
• LM	companion	+	recycled	ms pulsar	
• 100s	known,	handful	variable	in	
gamma-rays
G. Dubus / C. R. Physique 16 (2015) 661–673 663
Fig. 1. (Color online.) Sketch of the types of gamma-ray emitting binaries. (a) A high-mass gamma-ray binary, with a rotation-powered pulsar. The filled in 
region represents the shocked pulsar wind and the shocked stellar wind (panel adapted from [41]). (b) A microquasar, with its accretion disk + corona, 
and the relativistic jet. (c) A nova, with the expanding ejecta and envelope around the white dwarf. (d) A colliding wind binary, with two stellar winds 
interacting. The sketches are not to scale.
it adds the microquasars to the high-mass gamma-ray binaries. I think the first definition is too broad, the second turns out 
to be too restrictive, the third mixes objects with very different phenomenology and underlying powering mechanisms.
A distinguishing feature of a gamma-ray binary is that emission above 1 MeV dominates its spectral energy distribution 
(see example in Fig. 2), disregarding the black-body-like component from the companion star [6]. Another distinguishing 
feature of the gamma-ray binaries listed in Table 1 is that they all have variable gamma-ray emission, sometimes modu-
lated on the orbital period. This definition encompasses both binaries in which the companion to the compact object is 
a high-mass (!10 M⊙) star and those where the companion is a low-mass one ("1 M⊙). The ensuing subdivision into 
low-mass and high-mass gamma-ray binaries, like X-ray binaries, actually makes sense, as I shall explain in Section 2. Radio 
pulsations identify the compact object as a neutron star in many of these systems. Theoretically, the prevailing idea is that 
gamma-ray emission from these systems is powered by the rotation of the pulsar magnetosphere.
X-ray binaries are powered by accretion of matter from a normal star onto a stellar-mass black hole or a neutron star. 
Infalling matter forms an accretion disk around the compact object, where its gravitational energy is gradually released. In 
some X-ray binaries, part of this energy ends up powering a jet, i.e. a collimated ejecta with relativistic speeds, similar to 
those seen in active galactic nuclei (radio quasars, blazars), hence the term “microquasar” [8]. Most of the radiated energy 
is released in X-rays. The prevailing idea is that the gamma-ray emission is associated with the formation of the relativistic 
jet.
Novae events are due to runaway thermonuclear burning of material deposited on the surface of a white dwarf. Novae 
occur in cataclysmic variables, binaries with a white dwarf accreting from a stellar companion [9]. Depending upon the 
mass transfer rate, it can take tens to thousands of years for the accumulated material to reach the critical pressure that 
triggers thermonuclear burning. The prevailing idea is that gamma-ray emission is associated with the ejection of part of 
the material when runaway burning starts. The rest of the material inflates into a large envelope around the white dwarf 
until, after days to weeks, nuclear burning ceases and pressure is insuﬃcient to maintain the envelope. Most of the radiated 
energy is released in the optical band where they are sometimes visible to the naked eye.
Colliding wind binaries are composed of massive O or Wolf–Rayet stars. These stars have masses in excess of 20 M⊙
and large luminosities 104–105 L⊙ . The radiation pressure drives strong winds from the stars with terminal velocities 
≈1000–2000 km·s−1 and mass loss rates of 10−8–10−3 M⊙·yr−1. The collision between the stellar winds in a binary forms 
a shock structure where the released kinetic energy heats the gas to ∼107 K, which emits principally X-rays [10,11]. Some 
of the energy may be channeled into accelerating particles at the shock, as in supernovae remnants, leading to gamma-ray 
emission.
High	Mass	Gamma-ray	Binaries	with	Young	Pulsars
Name Pulsar Companion Porb HE VHE notes
PSR	J2032+4127 140	ms Be ~50	yr ✔ ✔ Pulsations discovered	with	Fermi	LAT
PSR	B1259-63 47.7	ms Be 1236.7	d ✔ ✔
HESS	J0632+057 ? Be 315 d ✔
LS	I	+61 303 ? Be 26.5	d ✔ ✔
1FGL J1018.6-5856 ? O 16.6 d ✔ ✔
LMC	P3 ? O 10.3	d ✔
LS 5039 ? O 3.9	d ✔ ✔
Adapted	from	Table	1	in	Dubus 2015.
• Only	two	new	gamma-ray	binaries	discovered	with	Fermi	LAT
• Dubus et	al.	2017	predict	101+89-52	 gamma-ray	binaries	in	Milky	Way	à up	to	10	new	ones	expected	with	initial	CTA
• Short	 lived	phase	of	binary	evolution	– lasting	a	few	105 years
• Likely	progenitors	 to	accreting	Be/X-ray	binaries	and	Supergiant	X-ray	Transients
6B1259 System Geometry
Fig. Credit: NASA
7 T.	J.	Johnson	et	al.	- VHEPU	16	August	2018
B1259 in the Era of Fermi
• First periastron passage Fermi
observed was late 2010.
• Detections near periastron.
  Low-significance.
• Unexpected flare ~30 days after 
periastron.
• Unmatched at other
wavelengths.
• Benefit of a survey instrument.
• Hints of curvature, not
confirmed
• 2014 and 2017 periastron passages 
were different, with fastest variability 
in 2017.
Chernyakova et al. (2014)
LMC	P3
• Discovered	with	5	years	
of	Fermi	LAT	data
• Up	to	10x	more	luminous	
than	Galactic	sources
implies	Pspin <39	ms
• Massive	O5III	companion
• Suggests	all	of	gamma-ray	
binaries	in	MW	have	been	
found
3.2. X-Ray Results
The XRT observations of CXOU J053600.0–673507 moni-
tor the source for more than three orbital periods. We binned
the light curves to a resolution of one bin per observation to
investigate the X-ray orbital modulation of the system. The
Swift observations revealed strong, approximately sinusoidal,
modulation on the 10.3 day gamma-ray period (Figure 3).
However, X-ray minimum occurs near the phase of gamma-ray
maximum.
To ﬁt the cumulative XRT spectrum, we used several models
that are used to describe systems that host a neutron star: a
power law (see Figure 4), a power law with a high-energy
cutoff (highecut× power in XSPEC), and a cutoff power-
law (cutoffpl in XSPEC). All models were modiﬁed by an
absorber that fully covers the source using appropriate cross-
sections (Balucinska-Church & McCammon 1992) and abun-
dances (Wilms et al. 2000).
The model that provides a good ﬁt (C statistic of 20.15 for 19
degrees of freedom) to the data is a power law with photon
index Γ=1.3±0.3, modiﬁed by a fully covered
absorber (tbabs in XSPEC). We ﬁnd the unabsorbed ﬂux
of CXOU J053600.0–673507 to be (3.2± 0.4)× 10−13
erg cm−2 s−1 in the 2.0–7.5 keV band. Our photon index is
thus consistent with the values of 1.51–1.62, found by Bamba
et al. (2006), and 1.28±0.08, reported by Seward
et al. (2012).
We found that the neutral hydrogen column density for the
fully covered absorption could not be accurately constrained.
This is not surprising, as only energies above 2 keV are
included in the analysis. Therefore, we froze NH to
1.9×1021 atoms cm−2, which was found from Chandra data
(Seward et al. 2012). This value of the fully covered absorber is
comparable to the Galactic HI value of 1.62×1021 atoms
cm−2, as given in the Leiden/Argentine/Bonn survey
(Kalberla et al. 2005). Therefore, we assume that the fully
covered absorber is interstellar in origin. While a good ﬁt does
not require a high-energy cutoff, which is typically found in
accreting pulsars, our spectra are limited to energies below
Figure 2. Phase-resolved LAT observations (E>100 MeV) of LMC P3. From
top to bottom: (i) Test Statistic (TS) (Mattox et al. 1996) from likelihood
analysis, (ii) ﬂux from phase-resolved likelihood analysis, (iii) folded
probability-weighted aperture photometry.
Figure 3. Radio (top), X-ray (middle), and gamma-ray (bottom) ﬂuxes from
LMC P3/CXOU J053600.0–673507, folded on the 10.3 day period. Phase
zero is the time of maximum ﬂux for sinusoidal modulation of the gamma-ray
ﬂux and corresponds to MJD 57,410.25. For the radio ﬂux densities, the lines
extending down to zero indicate 4σ upper limits. For the X-ray, the three lines
extending down to zero show 3σ upper limits.
Figure 4. Cumulative Swift XRT spectrum of CXOU J053600.0–673507.
6
The Astrophysical Journal, 829:105 (10pp), 2016 October 1 Corbet et al.
Corbet et	al.	2016
10 keV; such cutoffs are often seen at higher energies (Coburn
et al. 2002).
3.3. Comparison with Previous X-Ray Observations
In Table 4, we summarize our current and also previous
X-ray observations of CXOU J053600.0–673507. We note that
the two Chandra observations from Seward et al. (2012)
showed an increase in the ﬂux between 0.5 and 5 keV from
(3.71± 0.10) to (4.70± 0.12)× 10−13 erg cm−2 s−1. The
observation times correspond to phases of ∼0.17 and ∼0.26
and the ﬂux increase is thus consistent with the behavior we
observe at these phases with the Swift XRT. However, the
XMM observation of Bamba et al. (2006) was obtained at a
phase of ∼0.6, which corresponds to orbital maximum but did
not show a particularly high ﬂux. This could be indicative of
cycle-to-cycle variability if conﬁrmed by additional
observations.
3.4. Radio Results
A point source was found in the LAT error region of the
gamma-ray source; and another was detected at the position of
CXOU J053600.0–673507. The radio ﬂux densities folded on
the 10.3 day period (Figure 3) show modulation of the emission
on the gamma-ray period, but again out of phase with the
gamma-ray modulation. We note that the folded 5.5 GHz light
curve is more “noisy” than that at 9 GHz. In particular, at phase
∼0.68 there is a low ﬂux 5.5 GHz point without a corresp-
onding decrease at 9 GHz. The 9 GHz light curve is expected to
be less susceptible to systematic effects due to the smaller beam
size at this wavelength that results in reduced contamination
from other LMC sources detected in sidelobes of the telescope
response. However, we note that the large scatter in 5.5 GHz
ﬂuxes seen around the phase range ∼0.7–0.8 might also
suggest cycle-to-cycle variability.
3.5. Optical Results
3.5.1. SOAR and SAAO Optical Spectroscopic Results
The overall optical continuum and line strengths in the
SOAR and SAAO spectra showed no obvious changes from
previous observations. Radial velocities were determined from
the SOAR spectra and these are shown in Figure 5, folded on
the 10.3 day period. We ﬁnd a clear orbital variation consistent
with binary motion.
We performed circular Keplerian ﬁts to the radial velocities
with the period ﬁxed to the value determined from analysis of
the LAT data: 10.301 days. Two sets of ﬁts were performed:
one with the phase ﬁxed, such that the peak gamma-ray ﬂux
occurs when the compact object is behind the O star; the other
with the phase free. For the former ﬁt, we ﬁnd K2, the semi-
amplitude of the radial velocity due to the orbital motion of the
O star, = o5.5 2.7 km s−1, i.e., marginal evidence of radial
velocity variations with this period and phase.
With the phase free, the best-ﬁt parameters are: systemic
velocity 295.8±2.0 km s−1 and = oK 10.7 2.42 km s−1.
This ﬁt is nonetheless poor (c n2 =70/10;
rms=5.2 km s−1), suggesting that residual variations due to,
e.g., a time-variable wind are present. The systemic velocity is
consistent with that expected for the LMC disk at this location
(277± 20 km s−1; van der Marel et al. 2002). We determined
the uncertainties in the time of conjunction, K2, and systemic
velocity using a standard bootstrap.
Constraints on the mass of the compact object in the system
as a function of inclination angle (i) were obtained by
calculating the “mass function” (e.g., Strader et al. 2015),
i.e., p= = +f M PK G M i M M2 sin23 1 3 1 2 2( ) ( ) ( ) ( ) , where
Table 4
Summary of X-Ray Observations
Mission/Instrument Time Γ Flux Lxa Reference
(MJD) (10−13 erg cm−2 s−1) (1035 ergs−1)
XMM-Newton/EPIC 53368 -
+1.57 0.06
0.05 6.4±0.4b 2.32±0.14 Bamba et al. (2006)
Chandra/ACIS 55599 1.28±0.08 3.71±0.10c 2.52±0.07 Seward et al. (2012)
Chandra/ACIS 55600 1.28±0.08 4.70±0.12c 3.19±0.08 Seward et al. (2012)
Swift/XRT 57347–57406 1.3±0.3 <3.62–13.0d <1.09–3.9 Present work
Notes. Summary of the X-ray spectral parameters derived from the XMM-Newton (Bamba et al. 2006), Chandra (Seward et al. 2012), and Swift observations (this
work).
a Luminosity converted to the 0.3–10.0 keV bandpass with PIMMS assuming derived spectral p rameters for a distance of 50 kpc.
b Absorbed XMM-Newton ﬂux in the 0.5–10.0 keV bandpass.
c Absorbed Chandra ﬂux in the 0.5–5.0 keV bandpass.
d Unabsorbed Swift XRT ﬂux in the 0.3–10.0 keV bandpass. Upper limits are 3σ.
Figure 5. Radial velocity measurements of the optical counterpart of
CXOU J053600.0–673507, that was obtained with SOAR (plotted as ﬁlled
circles with error bars) folded on the 10.3 day orbital period. The arrow
indicates the time of superior conjunction, determined from a ﬁt to the radial
velocity measurements (MJD 57408.61 ± 0.28). The gray histogram shows the
gamma-ray ﬂux measured with the LAT.
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Are	HMXBs	Born	as	Gamma-ray	Binaries?
5
HMXBs Born as Gamma-ray Binaries?
HMXBs containing neutron stars may begin as gamma-ray
binaries with rapidly rotating neutron stars before spinning down.
PSR B1259-63
A 0538-66
B = Be star HMXB
R = Roche-lobe overflow HMXB
W = wind-accretion HMXB
(PSR J2032+417)
Corbet et	al.	2017
HXMB	Pulsars	with	Fermi	GBM
https://gammaray.nsstc.nasa.gov/gbm/science/pulsars.html
• Daily	Blind	Search
• 24	source	directions	on	galactic	
plane	+	SMC	and	LMC
• Source	specific	searches	
• Narrow	spin-frequency	 range
• Typical	exposures	are	~40	ks/day
• Detections
• Total	of	40	systems	monitored
• 8	of	8	persistent	sources
• 29	of	32	transients
Swift	J0243.6+6124:	First	Galactic	ULX	Pulsar
Spin	Frequency
Pulsed	Flux
8/7/18, 2:36 PMSWIFT J0243.6+6124
Page 2 of 3https://gammaray.nsstc.nasa.gov/gbm/science/pulsars/lightcurves/swiftj0243.html
Fits Version of Full History: SWIFT J0243.6+6124
SWIFT J0243.6+6124
The parameters below are used for this source in the GBM epoch-folding monitor
Source Monitor Parameters
RA 40.9180 deg
Decl 61.4341 deg
Orbital Parameters
Orbital Period 27.656100 days
Period Deriv. 0.0000E+00 days/day
Tπ/2 2458116.13686 (JED)
axsin(i) 116.860 light-sec
Long. of periastron -73.93 deg
Eccentricity 0.0964
Top left: NICER 0.2-12 keV count rate vs. time for Swift 
J0243.6+6124
Top insets: Dramatic pulse profile variations. The 
profiles transition from single to double peaked at the 
critical luminosity of 1038 erg/s (red circles)
Top right: Spectral “hardness” ratios measured with 
NICER (red/blue) and Fermi GBM (teal/green) show a 
spectral softening with increasing intensity after a 
transition at the critical luminosity.
Bottom right: 0.2-12 keV luminosity vs. 0.2-12 keV pulse 
fraction. Above the critical luminosity, the pulse fraction 
increases with increasing intensity.
LEdd
Minimum luminosity due to 
propeller effectCritical Luminosity
Function
Top left: NICER 0.2-12 keV count rate vs. time for Swift 
J0243.6+6124
Top insets: Dramatic pulse profile variations. The 
profiles transition from single to double peaked at the 
critical luminosity of 1038 erg/s (red circles)
Top right: Spectral “hardness” ratios measured with 
NICER (red/blue) and Fermi GBM (teal/green) show a 
spectral softening with increasing intensity after a 
transition at the critical luminosity.
Bottom right: 0.2-12 keV luminosity vs. 0.2-12 keV pulse 
fraction. Above the critical luminosity, the pulse fraction 
increases with increasing intensity.
• Pspin 9.86	s
• Be	star	compa ion
• d	=	5.7-8.4	kpc
• Lp ak =2	x	1039	 erg/s	(0.1-10	keV)
Wilson-Hodge	et	al	2018
LIGO	and	Virgo	Gravitational	Wave	Observatories
LIGO	
Livingston
Louisiana
LIGO	
Hanford
Washington
Virgo	
Pisa
Italy
Image	credits:	Caltech/MIT/LIGO
The	morning	of	August	17,	2017
Video	and	image	Credit:	NASA	GSFC,	Caltech/MIT/LIGO	Lab	and	ESA
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Locating	the	events	on	the	sky
Earth
IPN
GBM
Abbot	et	al.	2017,	ApJ,	848,	L13	
Probability	of	chance	coincidence:	1	in	20,000,000	
Abbot	et	al.	2017,	ApJ,	848,	L13
GRB	170817A:	A	short	burst	with	a	weak	low-energy	tail
Typical	spike
Gravitational	Wave
signal
Low	energy	tail
GRB	170817A	is	a	short	GRB—predicted	to	originate	from	mergers
GRB	170817A:	a	short	GRB
Goldstein	et	al.	2017,	ApJ,	848,	L14
GRB	170817A:	Faintest	GRB	with	known	distance
Nearby:	Only	130	million	light	years	away!
Abbot	et	al.	2017,	ApJ,	848,	L13
GRB	Observing	Scenarios
Abbot	et	al.	2017,	ApJ,	848,	L13
Are all SGRBs Relativistic Jets?
7
• Viewing angle < 36 deg oﬀ-axis (20+/-5 Mooley+ ArXiv:1806.09693)

• Unlikely to be observing on-axis (down the center of the jet)

• Could be a structured jet with “wings” of shocked material (e.g. Lazzati+ 2018)

• Could be a shock breakout from a “choked” trans-relativistic jet (e.g. Gottleib+ 2018)
Abbott+ 2017, ApJL, 848, L13
Credit: J. Racusin
• Viewing	Angle	<36	deg off-axis		(20+/-5	Mooley et	al.	ArXiv:1806.09693)
• Unlikely	to	be	observed	down	the	center	of	 the	jet	(on-axis)
• Could	be	a	structured	jet	with	“wings”	of	sh cked	material	(e.g.	Lazzati et	al.	2018
• Could	be	a	shock	breakout	from	a	“chocked”	trans-relativistic	jet	(e.g.	Gottleib et	al	2018)

Science	from	GW170817	and	GRB	170817A
• Directly	measure	the	speed	of	gravity
• It	is	the	same	as	the	speed	of	light	within	one	part	in	one	quadrillion!
• Probe	the	neutron	star	equation	of	state:	the	densest	matter	in	the	
universe!
• Understand	the	emission	physics	of	relativistic	jets	and	the	engine	
that	produces	the	short	GRB
• Estimate	the	rate	of	events	like	these	throughout	the	universe
NASA	Missions	Observing	GW170817/GRB	170817A
21
70+	Ground	 based	observatories
Credit:	Observatory	 images	from	NASA,	ESA	(Herschel	and	Planck),	Lavochkin Association	(Specktr-R),	HESS	Collaboration	
(HESS),	Salt	Foundation	(SALT),	Rick	Peterson/WMKO	(Keck),	Gemini	Observatory/AURA	(Gemini),	CARMA	team	(CARMA),	
and	NRAO/AUI	(Greenbankand	VLA);	background	 image	from	NASA
Discovery	of	a	Kilonova	12	hours	later
First release: 16 October 2017  www.sciencemag.org  (Page numbers not final at time of first release) 7 
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Abbot	et	al	2017,	ApJL,	 848,	L12
Figure 1 from Soares-Santos, M., et al. "The Electromagnetic
Counterpart of the Binary Neutron Star Merger LIGO/Virgo
GW170817. I. Discovery of the Optical Counterpart Using the
Dark Energy Camera." 2017, ApJL, 848, L16.
awarded the 2017 Nobel Prize in Physics), these detections demonstrated the existence of
stellar mass black hole binaries, in some cases reaching upward of 30 solar masses. Although
no obvious EM counterparts were expected, and despite the poor localization regions of
hundreds of square degrees, several searches for counterparts were carried out, leading to
inconclusive results. From O2 two additional black hole binary mergers were announced,
GW170104 and GW170814; the latter marked the first joint detection by the three-detector
network of Advanced LIGO and Virgo, with an order of magnitude improvement in sky
localization.
The operation of a three-detector network played a significant role in the results presented here.
On 2017 August 17 the Advanced LIGO/Virgo network detected a high-significance GW event
resulting from a binary neutron star merger at a distance of about 30—50 Mpc; the event was
identified within a few minutes of detection. A weak short gamma-ray burst was independently
detected and announced by the Fermi Gamma-ray Burst Monitor (and later on by INTEGRAL)
from the same sky location, but with a delay of about 2 s relative to the GW merger. The three-
detector skymap had a 90% credible area of only 30 square degrees. The relatively small sky
area and distance of GW170817 (compared to the previous GW detections), the detected
gamma-ray emission, and the expectation for other EM signals motivated several groups to
search for an optical counterpart as soon as the source became visible from South America
about 11 hours post-merger. Using both a galaxy-targeting strategy and wide-field imaging,
several groups were able to rapidly identify an optical counterpart to GW170817 in the galaxy
NGC 4993 at a distance of about 40 Mpc.
The precise localization of the EM
counterpart opened the proverbial
floodgates. Within the subsequent
hours, days, and weeks multiple ground-
and space-based telescopes were
utilized to track the photometric
evolution and to obtain spectra of the
transient in the ultraviolet (UV), optical,
and infrared (IR); to obtain X-ray
imaging; and to search for a radio
counterpart. The UV/optical/IR light
curves and spectra of the transient are
unlike any previously seen. The light
curves exhibit a rapid decline in
brightness and a rapid transition of the spectral peak from the UV to the IR. The spectra exhibit
similar rapid evolution from an initial featureless blackbody shape, peaking in the UV at about 1
day after merger, to an IR-dominated spectrum with broad absorption features only a few days
later. In detail, both the light curves and spectra closely res mble predictions for a ‘kilonova’ a
transient powered by radioactive decay of heavy nuclei and isotopes synthesized through the r-
Soares-Santos	 et	al.	2017,	 ApJ,	848,	L16
Credit:	NASA/GSFC	CI	Lab
Surprise!	– a	bright	UV	source	with	Swift
23Credit:	NASA/Swift
Swift
Aug	18 Aug	29
Fading	Kilonova in	Optical/IR
Hubble
Image	Credit:	NASA	and	ESA,	Acknowledgment:	 A.	Levan (U.	Warwick),	N.	Tanvir (U.	Leicester),		A.	Fruchter and	O.	Fox	(STScI)
IR	Observations	– Sep	29,	2017
25
Image	Credit:	NASA/JPL-Caltech
Spitzer
Composite	 image Filtered	Image Host	galaxy	subtracted
X-ray	and	Radio	Observations
26
Chandra
Credit:	NASA/GSFC	CI	Lab
Credit:	NASA/CXC/E.	 Troja
Credit:	NASA/GSFC	CI	Lab
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Radio	VLA	(B)	Sep	9	(C)	Aug	22-Sep1	 X-ray	Aug	26,	2017
Hallinan et	al.,	Science	10.1126/science.aap9855	(2017)
X-ray	afterglow	is	finally	starting	to	fade!
X-ray	observations	with	
Chandra	in	early	May,	
2018,	show	that	the	X-
ray	afterglow	is	finally	
fading.
What	have	we	learned?
• Predicted
• Short	duration	gamma	ray	bursts	are	caused	by	
merging	neutron	stars
• The	speed	of	gravity	=	the	speed	of	light
• The	aftermath	of	the	merger	produces	many	of	
the	heavy	elements,	including	gold	and	
platinum
Fermi	GBM
LIGO
• Observed
• Gravitational	waves	from	merging	neutron	stars	followed	by	a	short	gamma-ray	
burst	1.7	s	later
• Light	and	gravitational	waves	traveling	130	million	light	years	and	arriving	1.7s	
apart	means	the	speed	of	gravity	=	the	speed	of	light	(to	1	part	in	1	quadrillion)
• Hours	after	the	merger,	a	kilonovawas	observed	in	optical/IR,	consistent	with	the	
production	of	heavy	elements
• >1	week	later,	X-ray	and	radio	emission	were	detected,	and	continued	to	get	
brighter	until	~260	days	after	the	merger.
The	Unexpected
• Detecting	merging	neutron	stars	so	soon,	before	LIGO/Virgo	reached	
full	sensitivity.
• Detecting	a	gamma-ray	burst	along	with	the	first	detection	of	
gravitational	waves	from	merging	neutron	stars
• GRB	170817A	was	dim	despite	being	the	closest	on	record.
• The	X-ray	afterglow	rose	in	brightness	instead	of	fading	quickly.
• A	bright	ultra-violet	counterpart	was	detected	12	hours	after	the	
merger,	not	previously	predicted	by	kilonova models.
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• Seems to have a similar soft (blackbody?) tail

• Much shorter than 170817A, but ratio of timescales of peak to tail 
are similar 

• 150101B is third closest known SGRB, Liso shows that it is not 
under-luminous like 170817A

• Could be a more on-axis version of 170817A?

• BUT…this soft tail signature is not seen in the 2nd and 4th closest 
SGRBs… Hmmm…
Burns+ 2018, ArXiv: 1807.02866
GRB 150101B: A Nearby Signature?
12
• Seems to have a similar soft (blackbody?) tail

• Much shorter than 170817A, but ratio of timescales of peak to tail 
are similar 

• 150101B is third closest known SGRB, Liso shows that it is not 
under-luminous like 170817A

• Could be a more on-axis version of 170817A?

• BUT…this soft tail signature is not seen in the 2nd and 4th closest 
SGRBs… Hmmm…
Burns+ 2018, ArXiv: 1807.02866
• Similar	soft	(blackbody?)	 tail
• Much	shorter	 than	170817A,	 ratio	of	timescales	of	peak	to	tail	
similar
• Third	closest	known	short	GRB,	not	underluminous
• More	on-axis	version	of	GRB	170817A?	
• But	– this	signature	is	not	seen	in	the	2nd and	4th closest	
SGRBs
Counterpart	to	a	Black	hole	merger?	
GW150914
Summary
• Gamma-ray	binaries	
• Defined	as	having	dominant	emission	>1	MeV	
• Handful	– appear	to	be	young	pulsar	+	Be	or	O-type	star
• Short	lived	stage	in	evolution	– possibly	shorter	than	predicted	
• HMXBs
• Much	more	numerous,	longer	lived	stage
• Likely	evolve	from	Gamma-ray	Binaries
• Most	have	Be	companions	and	are	transients
• EM	counterparts	to	GW	Mergers
• Short	Gamma-ray	Bursts
• Possible	softer	extended	tail,	only	visible	for	nearby?
• Fermi	GBM	is	most	prolific	detector	of	Short	GRBs,	both	on-board	triggered	and	
through	subthresholdsearches.
• Looking	forward	to	O3!		
https://fermi.gsfc.nasa.gov/fermi10/
